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SPONTANEOUS EMULSIONS CONTAESfING CYCLOSPORINE 

5 FIELD OF THE INVENTION 

The invention relates to pharmaceutical compositions containing 
cyclosporine as the active ingredient. More specifically, the invention relates to 
orally administered pharmaceutical compositions in the form of a spontaneous 
emulsion comprising cyclosporine. 

10 BACKGROUND OF THE INVENTION 

Cyclosporines are a group of nonpolar cyclic oligopeptides, which 
have a broad spectrum of useful pharmacological activities, particularly mununo- 
suppressive activity and anti-ioflammatory activity. The major cyclosporine 
metabolite is cyclosporine A. Cyclosporine A is a neutral, lipophilic, cyclic 
15 endecapeptide with a low aqueous solubility and a molecular weight of 1200 
daltons. 

Cyclosporine inhibits T cell activation and causes suppression of cell- 
mediated immune response. Cyclosporine has been used for suppression of 
immunological responses caused by tissue and organ transplantation, for example, 
20 transplantation of the heart, lung, Uver, kidney, pancreas, bone marrow, sldn and 
cornea, and especially the transplantation of foreign tissues and organs. In addition, 
cyclosporine is useful for the suppression of hematological disorders such as 
anemia, various autoimmune diseases such as systemic lupus erythematosus and 
idiopathic malabsorption syndrome, and inflammatory diseases such as arthritis and 
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rheumatoid disorders. Cyclosporine is also useful in treatment of protozoal diseases 
such as malaria and schistosomiasis, and has recently been used in chemotherapy. 

Cyclosporine is highly lipophilic and hydrophobic. Therefore, 
cyclosporine is sparingly soluble in water, and well dissolved m an organic solvent 
such as methanol, ethanol, acetone, ether, chloroform and the like. Due to the low 
water-solubility of cyclosporine having the above-mentioned properties, when 
cyclosporine is administered orally, its bioavailability is extremely low and may be 
greatly influenced by the conditions of each individual patient. Accordingly, it is 
very difficult to retain an effective therapeutic concentration. Moreover, 
cyclosporine may show considerable side effects such as nephrotoxicity. Thus, 
cyclosporine is very difficult to formulate into a preparation for oral administration 
due to its low water solubility. Accordingly, numerous studies have been 
extensively conducted to discover a preparation suitable for the effective oral 
administration of cyclosporine, which can provide a suitable uniform dosage and 
appropriate bioavailabihty. 

Previously, the preparations suitable for oral administration of 
sparingly water-soluble cyclosporine have usually been formulated in the form of 
an emulsion or microemulsion pre-concentrate (Table 1). Such formulations are 
commercially available under the names 'Sandimmune' and 'Neoral.' Both 
formulations are available in solution for oral use or ia soft gelatin capsules. The 
'Sandimmune' formulation contains cyclosporine in ohve oil with the surfactant 
Labrafil. However, the resulting liquid formulation is administered as an aqueous 
dilution which makes it very difficult to adapt the subject to its administration and 
to provide a uniform dosage for oral administration. 

The 'Neoral' formulation is a microemulsion pre-concentrate which 
contains cyclosporine in an anhydrous oily vehicle, medium chain triglycerides, 
surfactants, glycerol and alcohol. 

Another commercially available cyclosporine formulation is marketed 
under the tradename 'SangCya'. 'SangCya' is a formulation of cyclosporine, the 
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surfactant Tween 80, ethanol, and glycols. Upon dilution, 'SangCya' fonns droplet 
sizes between 200 to 300 nm, which may represent a micellar solution. Recently, 
however, studies indicate that 'SangCya' has a lower bioavailability upon dilution 
than other commercially available cyclosporine formulations. 



Table 1 : Comparison of Various Cyclosporine Formulations 



Formulation 


Physical State 


Droplet Size 


Sandimmune 


Precipitate 


2-5 )am 


Neoral 


Microemulsion 


30-50 nm 


SangCya 


Micellar solution 


200-300 nm 



SUMMARY OF THE INVENTION 

The present invention provides an orally administered pharmaceutical 
composition and a method of preparing such composition. 

The prevention invention further provides an orally administered 
pharmaceutical composition comprising cyclosporine, ethanol, polyoxyethylene 
glycerol trioleate, and an oil component. 

The present invention also provides a method of preparing an orally 
administered pharmaceutical composition. The method involves first dissolving 
cyclosporine in ethanol. Polyoxyethylene glycerol trioleate and an oil component 
are then added, mixed and diluted in an aqueous media to form a spontaneous 
emulsion. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a stable cyclosporine composition in 
the form of a spontaneous emulsion or self-emulsifying drug deUvery system 
(SEDDS). Emulsions are dispersions of one immiscible phase in another, usually in 
the form of droplets. Generally, emulsions are created by vigorous mechanical 
dispersion. SEDDS, as opposed to emulsions or microemulsions, spontaneously 
form emulsions when added to ati excess of water without any extemal mechanical 
dispersion or agitation. An advantage of SEDDS is that only gentle mixing is 
required to distribute the droplets throughout the solution. Additionally, water or 
the aqueous phase can be added just prior to administration, which ensures stability 
of an unstable or hydrophobic active ingredient. Thus, the SEDDS provides an 
effective delivery system for oral and parenteral delivery of hydrophobic active 
ingredients. SEDDS may provide improvements in the bioavailability of 
hydrophobic active iagredients. 

As emulsion droplet size determiries the rate and extent of drug 
release and absorption, it is considered to be a critical feature for self-emulsification 
or spontaueous emulsion. Table 1, which compares various cyclosporine 
formulations, demonstrates the variability in droplet size of different delivery 
systems. The formulation of the present invention provides a spontaneous emulsion 
or self-emulsifying delivery system in which the droplets are 50 to 185 nm, 
preferably from 50 to 150 nm. 

Specifically, the present invention provides an orally administered 
pharmaceutical composition comprising cyclosporine, ethanol, polyoxyethylene 
glycerol trioleate, and an oil component. The present invention more specifically 
provides an orally administered pharmaceutical composition comprising 
cyclosporine, ethanol, polyoxyethylene glycerol trioleate, and ethyl oleate. In 
addition, the present invention discloses methods for preparing an orally 
administered pharmaceutical composition. 



MGP-104US 



PATENT 



-5- 

Cyclosporines are known in the art to exhibit imnmnosuppressive 
activity and anti-inflammatory activity. There are a nnmber of cyclosporines 
available for use in accordance v^th tiie present invention. These cyclosporines 
include Cyclosporine A, Cyclosporine Cyclosporine C, Cyclosporine D and 
5 Cyclosporine F. The major cyclosporine metabolite, cyclosporine A, is particularly 
suited for the formulations of the present invention. In the present formulations, 
cyclosporine A is present at a concentration of from 5 to 20% by w^eight, preferably 
from 8 to 12% by weight, and most preferably about 10% by weight. 

The formulations of the present invention also comprise an oil 
10 component. The chain length, degree of saturation, molecular weight and 

concentration of the oil influence tiie final droplet size and polarity in the final 
emulsion. The oil component may be present in formulations of the present 
invention at about 40 to about 65 v/v%, more preferably from 55 to 65 v/v%, and 
most preferably 60 v/v%. In the preferred embodiment, the oil component 
15 comprises ethyl oleate. 

The solvent used in accordance with the present invention must be 
non-toxic and be well tolerated physiologically. In addition, the solvent should 
allow for the incorporation of the pharmaceutically active constituent into solution. 
The preferred solvent for use in formulations of the present invention is ethanol. 

20 Ethanol may be in the form of pure or substantially pure ethanol or a highly 

concentrated aqueous ethanol solution, such as alcohol USP (95% w/w ethanol), or 
any other form of ethanol suitable for this use. As used herein, the term "ethanol" 
shall mean any such form. Ethanol may be present in formulations of the present 
invention at about 15 to about 40 v/v%, more preferably from 15 to 25 v/v%, and 

25 most preferably 20 v/v%. 

Also present in the subject formulations is a surfactant, which is 
polyoxy ethylene glycerol trioleate. The surfactant should also be non-toxic and be 
weU tolerated physiologically. The surfactant should be capable of lowering the 
surface tension of water and stabilizing the oil/water interface after the emulsion is 
30 formed. Non-ionic surfactants are more appropriate as they generally have low 
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initation potential and high chemical stability. The most efficient non-ionic 
surfactants for the formation of spontaneous emulsions are those with unsaturated 
acyl chains. These include oleates with HLB values of approximately 11. 
Polyoxyethylene glycerol trioleate is commercially available under the tradename 
Tagat TO. Polyoxyethylene glycerol trioleate is present in formulations of the 
present invention at about 20 to about 50 v/v%. 

The preferred formulation of the composition of the present invention 
comprises cyclosporine, ethanol, polyoxyethylene glycerol trioleate and ethyl oleate 
in a weight ratio of cyclosporme, pure ethanol, polyoxyethylene glycerol trioleate 
and ethyl oleate between 5:18:25.9:50.1 to 15:16:23.1:44.9, preferably about 
10: 17. 1:24.5:47.5. The compositions of the present invention upon dilution with an 
aqueous media at a ratio of 1 part composition to 100 parts aqueous media form a 
spontaneous emulsion. The spontaneous emulsion is formed as the ethanol is 
rapidly passed into the aqueous phase, which causes violent perturbation of the 
oil/water interface and leaves the oil system stranded in the aqueous phase. The 
oil/water interface develops hexagonal liquid crystals because of the penetration of 
water molecules into the surfactant and oil/water/interface. Negative interfacial 
tension forms and disappears rapidly, thereby increasing the violent perturbation 
along the interface. This results in the formation of smaller oil droplets with 
hexagonal hydrophilic structures at the interface. The spontaneous emulsion 
comprises particles having a diameter of 50 to 150 nm. 

Compositions of the present invention can be prepared by first 
dissolving the cyclosporine in ethanol Polyoxyethylene glycerol trioleate and an 
oil component are then combined to the cyclosporine/ethanol solution to form a 
mixture. The mixture is diluted in an aqueous media to allow for the formation of a 
spontaneous emulsion. In the preferred embodiment, the mixture is diluted 1 part 
with 100 parts aqueous media. In another preferred embodiment, the diluted 
mixture is gently mixed to allow dispersion of the droplets formed firom the 
spontaneous emulsion throughout the mixture. 
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More specifically, a composition in accordance with tiie present 
invention and using the constituents in the amounts shown in Table 2 below can be 
prepared as follows: Cyclosporine, 10 g, is dissolved in 18 g (potable) alcohol USP 
(95% w/w ethanol) to form a solution. The solution is added with stirring to a 
mixture of 24.5 g polyoxyethylene glycerol trioleate ('Tagat TO,' Goldschmidt) and 
47.5 g ethyl oleate (Croda) to form 100 g of a self-emulsifying mixture. This is 
generally administered orally as a 1 : 100 dilution in water or fruit juice. 



Table 2 



Component 


Amount 


Cyclosporine 


10 g 


Potable alcohol 
USP (95% ethanol) 


18 g 


Polyoxyethylene 
glycerol trioleate 


24.5 g 


Ethyl oleate 


47.5 g 



